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Mechanism for Actuation of a Downhole Tool 


The present invention relates to downhole tools as used 
in the oil and gas industry and in particular, though not 
exclusively, to a mechanism for moving a sleeve in a 
downhole tool by dropping a steel ball onto an expandable 
7 ball seat. 


While many downhole tools operate continuously through a 
well bore e.g. scrapers and brushes as disclosed in US 
6,227,291, it is more . desirable to provide a tool which 
performs a function only when it has reached a preferred 
location within a well bore, An example of such a tool 
would be a circulation tool as disclosed in WO 02/061236. 
The tool provides a cleaning action on the walls of the 
casing or lining of the well bore. The cleaning action is 
17. only required after the casing has been brushed or 

scraped and thus the tool is designed to be selectively 
actuated in the well bore. Such tools provide the 
advantage of allowing an operator to mount a number of 
tools on a single work string and operate them 
individually on a single trip in to the well bore. This 
saves significant time in making the well operational. 
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1 Tools which are selectively actuable in a »ell bore 
evenly operate by having an element „ hlch Qan 

carnation tool of . „o 02/061236, the elemfint 4 . • 

located in the cylindrical body of the tool m. 
the well th. , . • 101611 in 

or Jre „ fa * fit5t ^""o* ^ one 

ie released fron, the surface of the well through the work 
string. On reaching the sleeve, the ball blocj the fl 
of fluid through the tool =,„h oiocJcs the flow 

builH. consequently pressure 

burlda up until the shear screws shear and the sleeve is 
forced downwards. The .o.e.ent of the sleeve la II 
stopped when a lower ledge of the sleeve comets a 
ehoulder on the internal surface of the tool oody. 

Such tools have a number- r->-F ma 

umDer of disadvantages. The fnnio 
generally limited to one actual 

_ actuable movement, if two 

weaves are incorporated tQ - 

screws of the second sleeve can ODeT . at _ Shear 
fch« ck operate prematurely under 

the shock created to shear fho r 

sleeve Additi . , SCreWS ° f the 

low! Addltiona ^^ the reduced bore diameter of the 
lower part also effects t-h» *i 

the tool, * cl *evable through 

rrz'^:z\- -— 

* ^-cii port into which is loca+^rt ^ 

iLM 9 8 " atChln9 radtal »» — va is 

d.fo2b 1 ° , T ted aCti °" a 

deferrable drop ball biasing the sleeve aoain»t 

Xnitially the spring biaaes the sleeve to" Zlj^ 

™L in s;::: r poit ° - — • - - 

sleeve to »ove to a position where the ports 
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1 align due to a build up of pressure behind the ball, and 

2 fluid is discharged radially through the ports. A "small 

3 steel ball is then dropped into the tool which seals the 

4 radial ports and the consequential pressure build up 

5 extrudes the deformable ball through the ball seat. The 

6 steel ball will drop with the deformable ball and both 

7 are retained in a ball catcher at the base of the tool. 

8 When the balls drop .together the spring biases the sleeve 

9 back to the closed position and the tool can be operated 
10 repeatedly. 

11 

12 A disadvantage of this tool is that it requires both a 

13 deformable ball and a smaller metal ball to operate. Care 

14 must then be taken to ensure the balls are dropped in the 

15 correct order. The smaller metal ball must lodge in the 
second, radial, outlet in order to stop flow and thus the 
tool is restricted to having a single radial port. This 
limits the amount of cleaning which can be performed. Yet 
further is a disadvantage in that use of a rubber or 
deformable ball is unreliable as the material can break 

21 up or wear within the well bore. 
22 

23 It is an object of the present invention to provide an 

24 actuation mechanism for a downhole tool which obviates or 
mitigates at least some of the disadvantages of the prior 
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26 art 


27 


28 It is a further object of at least one embodiment of the 

29 present invention to provide an actuation mechanism to 

30 move a sleeve within a downhole tool. 


31 


32 It is a yet further object of at least one embodiment of 

33 the present invention to provide an actuation mechanism 
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1 for use in a downhole. tool which is re-settable to allow 

2 the tool to operate in a cyclic manner. 
3 

4 It is yet further object of at least one embodiment of 

5 the present invention to provide a circulation tool which 

6 can be operated repeatedly using a single ball. 


7 


8 according to a first aspect of the present invention 

B there is provided an actuation mechanism for a downhole 

10 tool, the mechanism comprising a substantially 

11 cylindrical body having a central bore running axially 

12 therethrough r a sleeve located within the bore, the 

13 sleeve including an expandable ball seat, 

14 mechanical biasing means located between the sleeve and 

15 the body to bias the sleeve in a first direction and a 

16 ball, wherein the expandable ball seat releasably retains 

17 the ball to prevent fluid flow through the sleeve and 

18 cause the sleeve to move in the reverse direction 
IS relative to the body. 


20 


21 When the ball is dropped in the body, the ball will 

22 locate in the ball seat. The ball will block the fluid 

23 path through the tool and consequently pressure will 

24 build up on the ball by fluid travelling through the 

25 body. This pressure will be sufficient to move the ball 

26 and sleeve together against the mechanical bias and force 

27 the sleeve in the reverse direction. The movement of the 

28 sleeve actuates the tool, when the limit of the bias is 

29 reached, increased pressure will expand the expandable 

30 ball seat and release the ball. On release of the ball, 

31 pressure drops and the sleeve is biased in the first 

32 direction back to its original position. 


33 
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1 Preferably the mechanical bias is a strong spring. The 

2 spring may be helical, conical or the like. A strong 
string will prevent the sleeve moving in the reverse 
direction by fluid flow in the central bore. 


Preferably the expandable ball seat includes a part 

7 conical surface having an aperture therethrough. 

8 Advantageously the aperture has a diameter less than a ■ 

9 diameter of the ball . Preferably the ball seat is made of 

10 a flexible material, so that at a predetermined pressure 

11 it flexes to release the ball. Advantageously the ball 

12 seat is- made of a metal so that the seat is not prone to 

13 wear during use. The ball seat my comprise a spring such 

14 as a disc spring. 
IS 

16 Optionally the ball seat may be of a layered structure.. 

17 Preferably the layered! structure comprises a plurality of 

18 disc springs. Advantageously the disc springs are 

19 arranged oppositely in the structure to provide flex. 
20 

21 Preferably the ball is spherical. More preferably the 

22 ball is of a non-pliable material and thus cannot deform. 

23 Advantageously the ball is made of steel. 
24 

25 According to a second aspect of the present invention 
there is provided a downhole tool for circulating fluid 
in a borehole, the tool comprising a substantially 
cylindrical body having a central bore running axially 
therethrough,' the body including at least one first port 
arranged substantially transversely to the central bore, 
a sleeve located within the bore, the sleeve including at 
least one second port arranged transversely to the 
central bore for discharging fluid from the central bore 
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6 

1 when the first and second, ports are aligned and 

2 mechanical biasing means located between the sleeve and 

3 the body to bias the sleeve in a first direction at' which 

4 the ports are misaligned, . wherein the sleeve includes an 

5 expandable ball seat and the tool further includes at 

6 least one ball, wherein the expandable ball seat 

7 releasably retains the ball to prevent fluid flow through 

8 the sleeve and cause the sleeve to move in. the reverse 

9 direction relative to the body so that the ports come 
10 into alignment. 

11 

12 Preferably the mechanical bias is a strong spring. The 

13 spring may be helical, conical or the like. A strong 

14 string will prevent the sleeve moving in the reverse 

15 direction by fluid flow in the central bore.' 
16 

17- Preferably the expandable ball seat includes a part 

18 conical surface having an aperture therethrough. 

19 Advantageously the aperture has a diameter less than a 
diameter of the ball. Preferably the ball seat is made of 
a flexible material, so that at a predetermined pressure 

22 it flexes to release the ball. Advantageously the ball 

23 seat is made of a metal so that the seat is not prone to 

24 wear during use. The ball seat may comprise a spring such 

25 as a disc spring. 
26 

27 Optionally the ball seat may be of a layered structure. 

28 Preferably the layered structure comprises a plurality of 

29 disc springs. Advantageously the disc springs are 

30 arranged oppositely • in the structure to provide flex: 
31 
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Preferably the ball is spherical. More preferably the 
ball is of a non-pliable material and thus cannot deform. 
Advantageously, the ball is made of steel. 


Preferably the tool further comprises engagement means to 
control relative movement between the sleeve means and 
the body. Preferably also the mechanical bias biases the 
8 sleeve against the engagement means. 


Preferably also the tool includes ball collecting means. 
The ball collecting means may be an element located in 
the casing means to prevent passage of the ball through 
the tool, but allowing passage of fluid through the tool. 


Preferably said first and second ports are located 
substantially perpendicular to a longitudinal axis 
through the tool. More preferably there are a plurality 
of said first and said second ports. Advantageously there 
are three or more said first and said second outlets. 
Preferably also said first and said second outlets are 
spaced equidistantly around the body and the sleeve 
22 respectively. 
23 

24 Preferably said engagement means comprises at least one 

25 index pin located in a profiled groove. Preferably the at 

26 least one index pin is located on the body and the 
profiled groove is located on an outer surface of the 
sleeve. Xn this way, an index sleeve is produced with the 
groove determining the relative position of the sleeve to 
the body. Advantageously the groove extends 
circumferentially around the sleeve, thus the tool can be 

32 continuously cycled. 
33 
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Preferably also the spring i s i ocated < 
created between tbe sleeve ,nd th 3 ^ 

the chamber Includes an el Ust D M ~ t ~* 
r r and be dispelled ^ STtt^T ~ 
movement of the sleeve and. the body. 

According to a third aspect of th. 

provided a method of actual ^ " 

-hod C o m p risiIlg :l i::::r a toci - * *- 

inserting i n a work s ^ . 

~ g nechanisni ^t—?" 

running the work string „ aspect; 

cates in the expandable ball seat an* x 
virtue of an increase in „ ■ 7 

18 forcino +h ! P^ssure on the ball, 

Preferably also th. method include, the «. 
the topped ball in the worJ[ «" ° f aching 

According to a fourth aspect or th 
-ere is proyl ded e method Z 

borehole, the method ^r^T s lZ ^ " 

Mechanxa* according to the second aspect; 
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1 (Bp running the work string and tool into a borehole, 

2 with the tool in a closed position wherein the ports 

3 are misaligned and fluid flows through the central 

4 bore; 

5 (c) dropping a ball into the work string such that the 

6 ball locates in the expandable ball seat and by 
. 7 virtue of an increase in pressure on the ball, 

8 forcing the sleeve to move and switching the tool to 

9 an open position wherein the ports are aligned; 

10 (d> discharging fluid from the ports; and 

11 (e) releasing the ball by expanding the ball geat, 

12 returning the tool to the. closed position as the 

13 mechanical bias acts on the sleeve. 
14 

15 


16 
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Preferably the method further includes the steps of: 


17 <f> dropping a second ball, identical to the first ball, 
IS into the work string such that the second ball 

travels locates in the expandable ball seat and by 
virtue of an increase in pressure on the ball, 
forcing the sleeve to move and switching the tool to 
an open position wherein the ports are aligned; 

23 (g) discharging fluid from the ports; and 

24 (h) releasing the ball by expanding the ball seat, 
returning the ' tool to the- closed position as the 
mechanical bias acts on the sleeve. 


With the sleeve and back in the first position, the steps 
(f) to (h) can be repeated any number of times. 

Preferably also the method includes the step of catching 
the dropped balls in the work string. 
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According to a fifth aspect of the present invention 
there is provided a method of circulating fluid in a 
borehole, the method comprising the steps: 

(a) inserting in a work string a tool including an 
actuating mechanism according to the second aspect; 

(b) running the work string and tool into a borehole, 
with the tool in a first position wherein the ports 
are misaligned and fluid flows through the work 
string; 

(c) dropping a ball into the work string such that the 
ball locates in the expandable ball seat and by 
virtue of an increase in pressure on the ball, 
forcing the sleeve to move into a second position 
relative to the body wherein the ports are 
misaligned and fluid flow is through the work 
string; 

(d) releasing the ball by expanding the ball seat, 
moving the tool to a third position by virtue of the 
mechanical bias acting on the sleeve wherein the 
ports are aligned and fluid flows through the ports. 

Preferably the method further includes the steps of: 

(e) dropping a second ball, identical to the first ball, 
into the work string such that the second ball 
locates in the expandable ball seat and by virtue of 
an increase in pressure on the ball, forcing the 
sleeve to move the second position relative to the 
casing wherein the first and second ports are 
misaligned and fluid flow is through the work 
string; and 
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''^*"**TlT* , r3E6Sn3^the ball by expanding the ball seat, 

2 moving the sleeve to the first position by virtue of 

the mechanical wherein the first and second ports 
are misaligned and fluid flows through the work 


3 
4 


5 string. 
6 

7 With the sleeve and casing back in the first position, 

8 the steps (c) to (f) can be repeated any number of times. 
9 

10 Preferably also the method includes the step. of catching 

11 the dropped balls in the work string. 
12 

13 An embodiment of the present invention will now be 

14 described by way of example only with reference to the 

15 following Figures, of which: 
16 

17 
18 


Figure 1 is a part cross-sectional view of a downhole 
tool in a first position according to an embodiment of 


19 the present invention; 
20 

21 Figure 2 is a part cross-sectional view of the downhole 

22 tool of Figure 1 in a second position; 
23 

24 Figure 3 is a part cross-sectional view of the downhole ' 

25 tool of Figure 1 in a third position; and 
26 

27 Figures 4 (a) -(c) are schematic illustrations of an index 

28 pin positioned in a groove of the tool of Figure 1 for 

29 the first, second and third positions respectively. 
30 

31 Reference is initially made to Figure 1 of the drawings 

32 which illustrates a downhole tool, generally indicated by 

33 reference numeral 10, in accordance with an embodiment of 
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1 the present invention. Tool io includes a cylindrical 

2 body 12 having an upper end 14, a lower end 16 and a 

3 cylindrical bore 18 running therethrough. The body 12 has 

4 a box section 20 located at the upper end 14 and a pin 

5 section 22 located at the lower end .16 for connecting the 

6 tool 10 in a work string or drill string (not shown) . 
7 

8 The body 12 further includes four radial ports 24 located 

9 equidistantly around the body 12. The ports 24 are 
10 perpendicular to the bore 18 . 

11 

12 Located on an inner surface 2 6 of the body 12 are two 

13 opposing ledges 26, 28 used to limit axial movement of a. 

14 sleeve. 30 located within the body 12. Sleeve 30 is sealed 

15 against body 12 by o-rings 31a-d. 
16 

17 Sleeve 30 is an annular body which also includes four 

18 radial ports 32 located equidistantly . around the sleeve 

19 30. The ports 32 are perpendicular to the bore 18. The 

20 ports 32 are of a similar size to the ports 24 in the 

21 body 12. 
22 

23 At an upper end 36 of the sleeve 30 is located an 

24 expandable ball seat 33. A conical surface 38 of the seat 

25 33 faces the upper end 14 of the tool 10. The conical 
surface 38 is part of a disc spring 34 mounted at the 
upper end 36 of the sleeve 30. A perpendicular portion 4D 
of the spring 34 sits proud of the inner surface 39 of 
the sleeve 30. The spring .34 is placed in the first 
direction such that it operates opposite to its typical 

31 arrangement. Spring 34 may comprise a stack of disc 

32 springs selected to provide the a deflection or flex in 

33 structure at a desired pressure. Each spring is 
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alternately arranged in the stack. Disc springs, and in 
particular disc springs formed from conical shaped 
washers (sometimes referred to as Belleville washers) as 
used here, are well known to those skilled in the art. 
Such springs are available from, for example, Belleville 
Springs Ltd, Redditch, United Kingdom. An advantage of 
these springs is that they return to their original shape 
8 following deflection. 
9 

Located between the outer surface 44 of the sleeve 30 and 
the inner surface 46 of the body 12 is a space forming a 
chamber 48. The upper edge of the chamber is formed from 
a ledge 50 on the outer surface 44 of the sleeve 30. The 
lower edge of the chamber 48 is formed from the ledge 28 
of the body 12. A strong spring 52 is positioned within 
the chamber 48 and compressed to bias against the ledge 
50 of the sleeve 30. An exhaust port 54 is located 
through the sleeve 30 at the chamber 48 to allow fluid 
from the bore 42 to pass in to and out of the chamber * 8 
as the sleeve 30 is moved relative to the body 12. 


Further an engagement mechanism, generally indicated by 
reference numeral 56, couples the sleeve 30 to the body 
12 and controls relative movement there between. 
Engagement mechanism 56 comprises an index sleeve 58 
26 being a portion of the sleeve 30, and a matching index 
» ' Pin 60 located through the body 12 towards the sleeve 30 
Index sleeve 58 includes a profiled groove 62 on the 
outer surface 44 of the sleeve 30 into which the index 
30 pin 60 locates. 
31 

32 Reference is now made- to Figure 4 of the drawings which 
illustrates the groove 62 of the index sleeve 58. The 
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1 groove' ••-g^^^g^^^g^g^^ 

4 *o_ of the sleeve 30 relative to the body 12 

« STI?' T ln? " blaSSS 30 the index 

portion 64 at eyery seoond apex ^ 

Further a stop 66 is located ,t m, 

located at the apexes of the zLg- 
zags to encourage the index pi, 60 to regain at the 

all th . II!"^ dlreCWOn ° f — 1 <* the pin so 


12 along the groove 62. 
13 


20 
21 


14 Reference is now made to Figure 2 „ 

15 iiinef 4- gure 2 of the drawings which 
J-i illustrates the tool 10 of PS™,^ w °icn 
i«T , Figure 1, now with a ball fi» 

16 located in the bore 42. Like parts to ^ 

17 have been given the Same *° th °- «*»~ 1 

18 identification. Ball 68 is lolTd °* 

19 seat 33 snrt ■ ■ lo ^ted on the. expandable ball 
seat 33 and „ slzed to blQc]£ 

the ball 68 is arrested Way 
bail 68 This ^ d ^ builds up behind the 

U 68 * Thls Pressure moves the bail «a 
«* father within the oody « t 1 " 30 

" « this point the spring 6 ^ ^s^ 

« Any additional pressure will JT ° 30 ' 

" «ex and release the halite t T" ^ * *°' 

« -d into the here » thr ° U * th6 30 
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32 Reference i s now made to Figure 3 of th. h , 

33 illustrates the tool 10 of I Swings which 

tool 10 of Figure 1, now with 
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1 exiting the sleeve 30 into the bore 18. Like parts to 

2 those of Figures 1 and 2 have been given the same 
reference numeral for ease of identification. Body 12 • 
includes a pin 70 located into the bore 18 . Pin 70 is a 
ball retainer pin which blocks the passage of the ball 68 
through the bore 18. Ball 68 will come to rest at the pin 
70 and therefore be retrievable with the tool 10. Pin 70 
does not prevent the flow of fluid through the bore 18 
and from the tool 10 into the work string below. The pin ■ 
70 and the space 72 in the bore 18 immediately above it 

11 may be considered as a ball catcher. 
12 

13 in use, tool 10 is connected to a work string using the 

14 box section 20 and the pin section 22. As shown in 
Figures 1 and 4(a), the spring 52 biases the sleeve 30 
against the index pin 60 such that the pin 60 is located 
in the base apex of the groove 62. This is referred to as 
the first position of the tool 10. In this position, 
sleeve ports 32 are located above body ports 24, thus 
preventing fluid flow radially through these ports due to 
their misalignment. All fluid flow is through bores 18,42 
of the tool 10. The tool 10 is then run into a bore hole 
until it reaches a location where cleaning of the bore 
hole casing or circulation of the fluid through the tool 

25 is required. 
26 

27 Drop ball 68 is then released through the bore of the 

28 work. string from a surface. Ball 68 travels by fluid 

29 pressure to the conical surface 38 at the upper end 36 of 

30 the sleeve 30. The ball 68 lands on the seat 33 where its 

31 progress is arrested. As the ball 68 is now blocking the 

32 fluid flow through the bore 42, fluid pressure will build 

33 up behind the ball and allow sufficient pressure to build 
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1 up on tbraH>lM*SU Sleeve 30 such that they can move 

2 » the direction of appl ied presaure a9ainst ^ ^ 
* the spring 52. Consequently the sleeve 30 and ball 68 

4 move to a second position. This position is illustrated 

5 in Figure 2 and 4 <b, . The spring 52 is compressed into a 

7 chlT 0hanber 48 • F1U±d hM beeD ™« d £ — the 
chafer „ through the exhaust port 54. xhe index pin 60 

of th 0 " ^ " ° f ^ Portion 6, 

• of the groove 62. Conseguently the sleeve ports 32 have 

10 crossed the body porta o& =^ * 

11 Fluid 51 • Z DOW l0Cated below 

12 IT., " St±11 ^^"^ thr ° U * h ^ 
J.8,42. 
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on increasing fluid pressure on the ball 68, with the 
sleeve 30 now arrested, pressure is exerted on the ball 
seat 33. The disc spring 34 will de fl e ct under this 

r b r eT e T essurs and ejects the ba " " iDt ° «- "ore 

below the seat 33. The seat 33 will return to lts 

falls from this point. The ball 68 travels by fl uid 
pressure until it is stopped by the pin 70 and is held in 

the sleeve 30 against the index pin 60 such that sleeve 
travels to a third position. The third position is 

Lt T tS K ^ F±9UreS 3 iM - Fluid h - »een drawn 
-to th. chamber 48 end this drawing, end expelling of 
fluid provides a hydraulic damping effect on ^ 
on the pi„ 60. Zndex pin 60 is no. located in an upper 
apex of the 3 roove 62 and the ports 2,. 32 are aligned. Xn 

tool 10 through the now aligned porta 24,32. The tool 10 
» looxed in this position by virtue of the atop 66 on 
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the groove 62 which prevents '*>«SSfflFSrWfe B «i'<$5 " 
for small variations in fi uid pressure _ 

in order to dose the ports 24,32, a second ball is 
dropped & oa the surface through the work string. The 
second ball, and indeed any ball subsequent to this, is 
identical to the first ball 68. The second ball will 
travel to the conical surface 38. On the build up of 
fluid pressure behind the ball 68, the ball 68 and tte 
sleeve 30 will mo ve downwards against the bias of the 
spring 52. Consequently the index pin 60 will be 
relocated into the nest longitudinal groove 64 of the 
groove 62 and thus the tool is returned to the second- 
positron. When the second -ball is released fro™ the 
expandable ball seat 33, the pin 60 and slewe 30 

b n ;;r *» «- «,.* position M , the seoM 

bail ! ome to rest by fche ^ 
the tool rs reset and by dropping further balls tbe tool 

as :°IT TT' cyclad in an ° pen and *°~< — « 

as often as desired. 

It will be appreciated that although the description 

24 *Lr. t0 rel " iTC P ° Sitlons as b 'ing -above, and 

below., the tool of the present invention can equally 
well be used in horizontal or inclined boreholes and is 

27 : T ^ VSrti0al b °" h ° 1 "- ^-tionally the 

27 term 'borehole- can be used to refer 

28 lined well bore. "° ° Pen ' C * Sed « 
29 

3i r Pro v:: ipai advantage ° f ^ «»* 

31 it provides an actuating mechanism which can be 

32 repeatedly operated in a downhole tool, ^rther the 
mschanrsm allows use of a m etal ball instead of a 
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deformable ball. In this way pulped fluid flow is not 
required to land the ball in the seat and thus the tool 
can be operated without the need to pump. 

Further an embodiment of the invention advantageously 
provides a downhole tool for circulating fluid in a 
borehole which can be repeatedly operated by dropping 
identical balls through the work string. A further 
advantage is that the tool can have any number of radial 
Ports to increase. the flow area if desired compared with 


11 the prior art. 
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Further as the actuating meachnism is located above the 
Ports, the ports are opened with no flow going across the 
seals. This effectively saves the seals from excessive 
-ar. An additional advantage is in the ability of the 
index sleeve to lock the circulating ports in position 
when aligned. Yet further ,the entry and exit of fluid in 
the chamber for the- spring advantageously reduces the 
^pact on the index pin via the hydraulic doping effect. 

Various modifications may be made to the invention herein 
described wxthout departing from the scope thereof. Fo r 
example, two or more index pins could be used to provide 
increased stability to the tool and distribute the load 
on the pins. Additional radial ports could be located at 
longitudinal spacings on the tool to provide radial fluid 
flow across a larger area when the ports are open. The 
Ports may have varying diameters which may provide a 
nozzle on the outer qnrf a ^ 0 


31 velocity. 
32 




